m m w 



:^^mit. m^y^t-m'i- (LED) . ^—fr-f^-vm^f- (ld) ^ 

_^N. O^X. O^Y. X + Y^l) 5:fflv>fcE»^^{*i^-T-{cMU #(31 



m^^mwm'F'^'ts^^x^,. ^b^a^mmz^^mi -tiitio)f^±ii'^'i^^^xhv. 

{'Mix. i.oM#^, miitj<Dmm^mi$m^i:'s^zk^mti-^. 

^mm^ h^i:^ mmm ^^-r 5 m^^'^m^(Dm\±m^. p mmm^mi^m t . 
n mmim^mmm t xm^m'^^^-r^ mm^m^wm'f-^z.i6\^ ^x . Binetst* 

2<Dm.mM^w<wmm\t^^^x\-t. mmt.^M\'^h<7^(r>. ^^ti<D\^-^ 

M^(OWMW.^'M^^\^±LX^^^)}m^Mib^tzi/)\z^ ^xmtmMi^S 

is\^^xii. ^iimmm(Dnm-^mm^h''-yLtz^mmh^Lfj:t'^b. j>mmm 
^^^^^ili;;&iiav^m 1 (ommMtzifn. nm^¥iWMm^iz^thfj:^^^3 



# • 

3 

-i^^iS:T^^t^mmttii^x\^'tz. :^wMizj:htf. mi<^mmm\znm^n^ 

ttz. mm^^o^mm'^z^^^x. pmrn^z^m^ntzmmm (^loit^ 
<^mmm) tn. ^\±m'p^zis\,-x^(Dimr-^^j:^„ mh. m2<Dmmmt^ 

MAK f^\±mf^xpmm{cmhn^'mmmt Lxmm.$ti^-ztt^£Ki. pmm 
^(omm^tm^/'Ui^'iZh^rzi^, pmrnt^hmi^m^o^-^ y T<Di^AQK^ 
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I 
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Lfci^oT. mx.ifl nG ^N^mi(DmmmtLX^-&^'ttzm^. AlOa 
fC, I nGaN255;(/;^a::y5-y^(^J; i9:B^$ri|e^bTt^^, Hi CO 

^t. v^n,'i-m\:.7h^mii<D^^fi^<ir^:Ltii^x^^t^h. ps<7)^^ 

1. nmmmB,fi-i^m0^vm.mm)f-^^M\^\^ii^^xWiXx i ne ( i = 1 , 

2, 3, • • • L) (7)|^M^|$§ilB i . i:Lfc^4c, i = l;5^e)i=ti (1 
<n<L) ^-eoMMB i *>nM^»5rW1-5i<l:*>l?* tV\ wtD^^tC 

A\^hn^^X^^h(Dttl^. Lfzi^^X. mx.{-£. LED, LD}c::fc^V^TI63t 

(4) ttz. ^i<DmmM^^<. m<D±x<Dm-m\'nm^ 

(5) mt^miommmtK mim\^m(D§ci>i>m\zmm^fix\,-6zttmt 
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(7) ±12 (6) o^fig^ciov^T. mmmi<Dpm^mm<Dmmimmm2<Dn 
mmmm(Dmm t mm cxh ^zt tm^ tv\ :i(Dm^i,z x y) . mi^m^o 

(8) t.tz. ±m (6) (D«^lc:}oV^T, BiiiE©ttJi;i5 2J^±(D#Fl^WU 

m^. mmmi(OT? mmmmR v^mmm 2<Dn mmmm (^mm j; t /J^ ^ v ^ ^ <t 
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^iimmmmnm ^smt-x. <^F^tv^|5Bi:tTi^^J2oA~3oAJ!^5Sii^ 

mh. ^i^m(Dm^'<zx<o^m&oti:^^^jT(Dmx^-simkLtz±x\ 

*iv>T. ^^^t:i$-tz tt^-^mt^si'o . tfz. ^Amm\^ni-^inti\^is^'x 
«ife^{s< nx.^ztt^x^. m^m^{z.i^\^xmm&jti\^±^^mt-t^ r t 

1-5::i:$r%Et-5i. 3 0 0 AglT^-T^ r t;J5^!f S U\ ^f^jc, 5 0 A£l 

±mm ' mtatixom^^ mm\z}s\^^x. i^vN^i^ftm^ • &0^i'^^:itr^ 
5^8 0mwt^^^rzm\^m:fim\zi6\^xh^n^tzm^m^^mm-6ztt^x 

li:LT. In^^M^bW^^. U< (i I n G a N^fflV^S r -C\ 

Sif/^m^:#^i:-e#5o ^(D^s I nm^JtxlrO<x^O. 3co|5ia<b:i-5 

5o ' 
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(10) mizmKD^mm^K T>m^m.i^^'^ir^:LtAm^i-^\ zomm^ 

(11) ttc. ^i(r>^mm<Dpmpfnf^(Dmmt. mzm^^n^h(Dx^tti: 

1 X 1 0^ecin-3]^±l X 1 0 i^cm-^J^T-efeSr <!:;aS^^Ll\ p 

(12) pl!^^WS;5J^(75j;9^i^iai-*5i5l<D|^Mfis iMXfipM 

(13) ^K^^ns-^copM^M^t^K-yii. mi(Dmmm(o^mm\zffo 
^^t. mi <7)mmm^T>¥--fx^^^^fz.mzpW^.^m'^M^mt^h<D 

T\^h^n S(^?#FPtc p m^mnt^miLxm'f-mmmmTt^^fht^h 

(15) *|gWc0^^b^^^«:m-f^(i. WtdpMmtJ^igl^iids, ^i^jge^att; 



'^^kt^^^kfa^. ^ 7 5/ KM<7) A 1 TOMsfe^ 0 . 0 5J2i±0. 3 

*#1-a^i:>a5^ftLV\ r<^MlcJ;'9. ±x&L7ti5{c. p.M®75^<bO=¥-r 
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(1 7) H<fEmicOpMgfbW^M;6\ HiiEpM^{b#>^#fls:ji{r§t>i£v^ 

Mtcifiv ^pi^i (fjte^ 1 (Dmmm) ^<d^^ y T<DaA^^aic-f 5 • tt^v 
m^mnzm.i-^:mL-ih^mF^fmmt\.x^W}\zmmu :k 

(18) H^Il2f5ttl^c4ov^^:. ^^m<Dm^i^J.}izyrY<Dm^xh^:Lti)m 

5r 4 0 Alii ± ^ f 5 C i T\ ^l'-" ^ ^#F® T' t> V }55fSf^ $ 
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M^^Fmm<7)mimi^i^\''Xs #f®. mmmRv^. fS{^m(Dmmit. rin, 

(2 0) mU^Fmommd^ffi)\ 4 OA^ dwg 1 0 0 A(^ffillT-S5 0. Rufa 
^2<7)^^gO)lgi?d b;6\ dh^4 0A<Dmmxh6Ztm^L\/\ Z<Dm 

.1 2};;^1-J; 9t«ig:5§^. miiitl(D\y—f^^Xh^t^iz, 7if:x ^ ;^ iX^ r 

^mm'7)^ytm^izio\,^x. ^:Fm<Dmm^±t<i'^ztxm^itmtt>fi 
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(2 1) m^pmmt^^^^^i^m. mtinmmm^mi^m'<z. th.^eixi.u 

Wj\incDm^i!b^'h^< Ltim'&t-d't^^o Z<D^t\:iX^. m:^l^(Dm')2<i^)^ 

m^tx^6. 

(22) mi±.n^yy m(DAl<D^^mm.^Bitx:!!)^^ 0<x^0. 1 

I — -f^f-O^mMU. 3 8 0 nm£A±4 2 0 nm]^;lT<^^H(^^><^<hi-5^ 

mi (Dp mmim^mi^m l. mi cop mmm'=^m^m*^f^(D 

mi<Dmmm. i-^^i^h. ^mm\ nm^$^m^mw^i^^Lx\^tj:^^t\ p 
i^mxh^m 1 <Dpmmt^^mi^m'iZ^mi-^m^'^i\:^m± Lt. 

±i!!LrcJ: 9S^TM4^. ^L< ll^c;>l:J5^TO^^^yt^^^fi^PS^^^ 

■ff^hh. mm^)^ d BT'fc5M 1 (om^^m i « p mmm^mi^mi^^ lt 
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mmt Lx. i^mm. ^L<iti^nmm^m^i-^ztx\ m\±K^fifc^^i^ 

:^Wn<Dmim^i^m^'<Z.m^^^ nm^n^^t LXn. S i . G e , S n, 

t<(iSi. Ge, Sn|r/$bl~§t>*J* t<f^S i Sr^V^-Sc tfw. pS^ 
imkLXlt. mmm^M^'iK Be. Zn. Mn. Cr. Mg. CaT^^fi: 

i: ^£ -5 p m^m.m. n m^m^^t^^ l/^v ^^^tir-gg^ t ® r-fe o , 
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10 mi lit. ^mm(D-mi3mm^^mi-z^^mmmxh^o 

mis it. *i§Bj }c# 5 -II jsit a s^iitEE i: k-t's t (omm^Tr^-t 
:$imm(Dmm^mwm^\zm'6mim^mt^t \^xn. g a n. a i n. 

t>U<{iI nN. XitZ.h(^<DU^BXh^^lit:fJV^J^mt^!^^mi^ (I n, 
AlyGai_,_yN. O^x. O^y. x + y ^ 1) t^h^o '^ItZ^iZlJllx.X. 
■ I i imTtMtLXB^m^tz^. vm7LMtLXN(D-Ui:P. AsT'gi^L 
25 fc. M^aXhJ:^\ 

-Mi^^pmm(Dh'hhxt^^\ mL<it. $^mm^^Fmmti-^:itx. 



2 5reS:tt 51#it-e $) o T t> S V \ 
(#F®) 

*L.<, ^(D^M^i^^^m^tLXit. rn„Ga,_,N (0<a^l) ^^f* 

I n G a NJliL^i^ J:.i^ Lfri^^ktl^^^^^v Wxff I n A 1 G a N, I n N/^ 
t'^^fflV^-5:i-ht>-C^, ty^. I n^-^1^fj:\^mt'^^'^^. fiJ^lfAlGaN, 

m^^m^^x. mmR^^pmo^^BMiz^^^ztt'^^mxh^o MP^m^i 

mmt LXli. 1 0 A^±3 0 oAl^TOISIl. $f^t<fl2 0AJ^±2 0 OA 
&.T(Dm.mci-^ZtX. Vf. L#v^fiSM^^«^-fr5wi:;4iT'#^o 
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t^£^ti)b. ^F'm(Dm-^iookuT(DmmtLx. m^<Dmmt:mn 

if) Til. #^'1;657':/K-7'T\ ^TOjcnM^Mt>i^-afl-UdJV^wi:T\ ^ 

pmx<D^^ V ToWi^^mm^h. ^\^^mmx(D^±Wj^'^t'^m^^h. ^ 
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^(Dtzl^^ ^<D^0fj:-^liitl(DM^ (5~1 0 OmW(Z)fca:^i|lcCOLD, /^^/^•^7 
-LED) -CIS, #PlcOna^MW^<^. '>^j; < <!: t> 1 x i 0 ' V c m 3 
iii Kt^-r 5 r i: Tfc "9 . ^ t < ft 7 > K-r^ L < nS^M#»^^ 

iO^B^l. O^y^l) , In.Ga^.^N (0^i3<l. a>0] , Ga 
N. Al^Ga,_^N (0<v^l) tj:^^m^^^:i tr^X't -^X\ #F 

m^mLXTmrnt^ji^mmm iru^^mm) co^-a-i^d. a i ^^t^il.^mft: 

tl^#fl^SrfflV> -5 r t i>m^ L < , ;a«^Wiwflg] 1 0 (C.T-r J: 5 i^/ I n , G a 
i_^N (0^^<1, a>/3) . GaN^ffiVN5w<t;4^if*tV\ mii. In 
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5 X 1 0 ' V c m='J^A± K-y $itTV>5 r t X\ hWit LTfi 1 X 1 0 ^ V 

Ji^±2X 1 0iVcm3j^TO®fflT'nS^iisfit»t'W-r5r<i:-Cfc^). ^fc. i 
'3i^tti;^j(7)LEDSUjftffl;fl(DLD-Cli. 5X1 0^ Vcm^:£(±l X i o^V 
cm^]>J.T(D^m. 0*L<ftl X 1 O^Vcm^eiJiSX 1 QiVcm^J^^T 

ro^, mn(OhEDt. ieiti3;^jOLED W/^!7-LED) i: 
f«ffi;^<75LD (5-1 0 OmWffl;^>(7)LD/=fif) <i:T\ nM^M#?ft;iW£-5(7) 

^\ :i<Dm. pM^M^feAi LT»±. 5X 1 O'Vcm^J^il X 1 O^Vcm 
^UT(Dmm. ^tL<{i. 5 X 1 oiVcmH:i±l X lO'^/cm'^J,r(D 

'^^^fiTJ-frS. Mil, lxio'Vcm3|^TT'fc5i. ±ia:^*$#j<7)ii;!jp 
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m I (ommm. mmm b l . ig i p mm^) {i> n m^mm^ry v-^x 

*L<{ipM^Mi^*^-f ft^jff* t< {inM¥M#J=S:^Sri>:. pS 
St>'/3J{±^Ml;i^^ ry Y-:r^L<\t%%m\^nmPfm)^'^^fi\'^^bX' 

zfuzx^. m\^m±i^tLxix ^i^ttxnm^nm^-t^^fi. m 
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Its®. ^pm','-:>\^^x(DmmmmimmLfch(Dvhn. «wllcjb;^^T 
<mi<Dmmmm> 

j; 9 p mmm^m 1 3 st*^ 1 2 i^cd^ i (td^m 2 d <t , l 

fcpSl^?5f4^f^^T*?l^fig1-5C<!::i5-e#ao ^(7)^ irl^ct >5 , pM;6^5?fi& 
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mZ)^h(D^pm^itLxmihh^X\^^:ihtmtL\^\ z.o-r^ZtX\ 11 
10 J^±(D#F®^^A.T\ *fcpWciift<bti. pM^Mti^^-t-5Bi (^#SS 

2<Dmmmit. immxh'^xh^<. iHi(ommm^^<±x(Dmmmxh 
20 &<Jz<Dmm^MK.x. ft I) pffiijop?iii^i^< ^T<7?itM;^>^^ 2 (ommmxh 

mxh^^t i,^m^x. 2 # e ^ t < it 2 # @ s.r>*^tLJ^i^{3 p iw^iaft 

25 Pi^ltiP^|!«Mgt1-5«Sgii^t|-Cfe6;6v ff]^{^la3ICfcV^TBl<^^M 

^^m(Dmi(Dmmmm\^is\^^x. mi(om^m'<^^^^xw.\m^i-^t. p 
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m.m.m^^ iMWi>^'b^^^^ztx\ nmmmi}^hm\m^(^^^'^Mi^x(D^ 
^x(Dm.mm^%2<Dmmmb-th^tx. nmMt^^^x<o^rm(Dm^iim 
:^^m(o^2(DmmfmtLX[t. mma^m-b^hm (l^2) (ommmm 

1> S^ltUlB l;6-'5>HtliapMit:#)t-^{*=lt'lp]*^o-Cfcx.-C i#@ (i=l. 

2, 3, • • • L) (onmm^^mm^i \ . t\.Tzmc, \ = \fi^hi=n u 

<n<L) -iX(DWm.mB \t^nm^ms^^\^. i^LO^mMB lii^v^^ 
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mi(Dmmmi^-^it^. mhpm<Dmmmx-i>^. ^(o^mmB^izx^^mt. 

Wi:^^')7'&A^:^mti-'6. tfc. i = i = n ^ TCJ>|^^Ji B i lUl. 

n'^^-^^Lfj:^^:itx\ ^-Fmx(o-^^v7(DW^-h/)mm^n. m^m^s 

'tr^'Z^MXh^. iff^L<{inm<n< L. nm=L/2 ({B.t. nmlt«;^. 

mm2 a. 2 b^^lB i <bL-CnM^MJ^t*K-7'L, miS2 c (1112) 
^L< (iPtlgii 2d (la 3 ) ^»Sgl R T. <b LT pM^Mtl^ K-^ L, It^M 

tfc, l|2(^)||^s?^^l^rfc^^-c. itiiiBLoj^j?2)SitMiB i (iT^L) ^ 
-^y TiiAPft® . pS^^^^yr;j5^<#i5:i-^istMBL;{i>j[2:v^^Pr,'!^-# 
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?^i*s 1 0 7 (D%m^\\z-^\^xmm^^. mm i o ? in , , g a , n 

#F1 (0<xi<l) <!: I n,,Ga,.,2N|$|IS (0^X3<1, x,>X2) 

f^SSm^-fti'^lt^l.bT'ioTl^-S^ #Fl(t. T>K-yT*?FM$tl-CiJi9/ 

X 1 0 ^ 1 X 1 0 ^ ^ c m-^(D^gg-C K— y L-C?f^^$tLTV 

i^^ii 1 0 8^^^>cofe^};:J:oTMg^(^pM^i^i^.|: 1 X i o ^^-^ i x i o ^ 

1 X 1 0 ' ' c m-HaTO«St' K-:/t;'j^75^6^ft$itr ^fc. 
m 1 (Dl^^Sfi. ^{c p CiA 1 0 8 ^figg 
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<m4:(7)mmm> 

mtt^o ^<Dmmx Mri^^iizii. m3i^7jki-x>,iz^ m^m'^M'hMi(D$^ 

1 <Dpmmmm 2 a , ^ 2(Dnmmmm 2 d '.cfeff^tir. #FJi 1 . i^ms 2 b . 

2 c ;o^KJt ejHfc^it i 5, p 110(75® LT. M i <7) p mmm 

Mi>m'fhfi^:itX\ ±iiilitfc<t 9 j;, pMlX)^p5(^5$bW^cf=^-V y TcOjtA 

iff * L < It. m 3 izTT^i-x mi (Dp mmm 2 d . m 2 <d n 9immm 2 a 
^mmm2h. 2 c. tLx\±. mm^^ti^t(Dxi±^j:\.^iK ±^i.tcXo 
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•9 h%m<o^ KOvwm-^Ms %2<Dn'smmMxii^x^mfiwmt '^xm^ 

^U?iv^^<!:X\ StiK^'-o^-ry TO?iA;6'iflEii$n. @tbfc^i=-#^. M 

m<^mm^mmw%^i\.. ^h\^i>m^m^t^t^z.}ix\ ^m.<D 

dr-^yT-efcoTfc'»j;<ftA-^3tS^^^ti. iiiai;^T% MM<Dmtm 
nM^M^t^Sry K-7'<!:t-^;d\ n^^MtlSrr V K-rTfiK^S^ii- 
®»l^ill)5^pS^M^^^tXV^^^ic, nS^Uifife^W-r-Si:. pMl 
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mux ^m{cm^mtmmi^~i'<D-m^^tmmmxh^. oaN 

mi0 1±iZi3\,^X. In,Ga,.,N (0^x<l) i^h^^mm 1 0 7 t)K 
n^Al^Gai_^N (0^y<l) ^103-106 (#§^1^ y (Dfifi^^^ 
5) t. pMA 1 ,Ga,_^N (0^z<l) 1108-111 {^mm^z<D 

mn^^^z) izj^^xi^thxidiQ^ ^'^^^y-y/^^Tom'^m^^tix^^ 
m^'b^. ^mK\tA\,G^,_^n (o<b<i) tmmk^m\-bfi^. 

nmTitOa NSrfflV\ ^tlJ; 0 fc5fe:gT'fl I n G a N/G a N<7)#1J^^^ 
mt^. InGaN, G a N, A 1 G a N/£ <!f - i ;55T'^ 5, if^ 

PAT. mi)z^'tmtm^mi^u--fiz-D\,^x. m^<Dnmizr>i^xmm-t6. 

0 ^<y7TM 1 0 2^^LT. n^^^ktl^^ftlT'fc^ nS 

^'^'^^ Ml 0 3. ^yy^mstm 1 0 4, nl^7-7 Kl 1 0 5, ^U^nM 
KUl 0 6;65^M^nTVN5. nM^7 -y K^ l 0 5 ^|^< m 
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mtLX'h^^\ 

nWMim'^mt^M 10 3-106 m\^m i o ? *5Bpfe^nTv^5c 
ffitt® 10 7©±tc{t. vm^im^m^MtLx. pmm^^c^hmio 

8. pM*V KMl 0 9v- p^ii^J'^y 1 1 0. pS3:/^i? Ml 1 id^ 

}^opM^^l:^4^^^:^*^fife'9. if* t<{lAl ,Ga^.,N (0. l<x<0. 

5) ^i^mfi)c5rWT5. ^tc. ugmo)vm^mm^^^wx\ ^*t<n5 

X 1 o^^~i X 1 ol»cm-^(7>^t^lT'K-7•$J^TV^5^ pMm 

(T^^-lt^igT^-*?), pMm7-^C^«6ai 0 Sit. 3 0-2 0 0 A©^ 

<7)ti)ix-ees$-&tv(i*a< . nrnxhii^pm-itD-i km i o 9^pM7t^ 7 

Kll 1 0<t'9 t>i££-efigft$itSri:;i^t:'#5o tfc^Ji'oT. pMm^CiZ. 
?l^fi£1-6^^fcit'<T. I n ^^ts^^m 1 0 7 (Dji^m^M-r^ r 5, 

pm^Hm^mmizx^xmt?>'^m^^tiLx^y) . m^Mmtx. 
M 1 0 7 ^m^t^^mmi-^tmc^ m^m i o 7 ^(o^s-zu^x^^^Mib^ 

^m^mzi-o mh. MQWfSk\im<DMiil^MtLXT:^h^-yi n,2Ga,.,2N 

® (o^x2<i) t^(DmmMX'Oi>W<B^t. ^<^±trMg#copS^M 

K-^LfipMA 1 ,Gaj.,N (0. l<x<0. 5) t^b^^W- 
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ytmi^.-^^. ^^a^iei, 162, pmMMi2o, n^mMi2 

1..N (0<a<l) 5:fflV^5„ ^(^1^, Ama^aJty irLTft, ^-1f«^(C 
0. 1^7<lC>OTi:i-5wi:-eS>i9. $f^L<(iO. 2^a<0. 5<D^m 

V^lrO. 3 5'S^J.Tt-t^ZtX§:mm^m\iX^AX^^, ZOm. A 1 M^aJt 
3t<7^Mii>*6i:;^t6i^^ y Kli ^ i^v^2g^it(^^{t:i^^#^^fl:j55i^:.gi /^5;5.p,-e 
L E D t) ffl I ^ .5 - i ;5i T' t -5 , 

«§«<75m 1 (D pSiMi^#^«i:S<7)mj?i LTIi. '>^i < <t t> 1 0 0 0 AJ^ 
Tit-Sr <i:T'fci3, $f^L<{±4 0 0AJilT<b-t--5r <!:r'fc5= ZfHi. Al 
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f£ , imf^m^v f (0MMfj:m[im< ^ t tfii^fzt>xh . 4 o o a^^t 

Xh^cV f co±#^fS < fflix 5 - ^5 nTtgT% Mi'if t L < « 2 0 0 Ai^Tir 
loaiffOTPgi: LTIi. /i??:t< i:t> 1 oAJSiii. L< (±5 0 AJ^it-T^S 

tmi(Dp mmt^^mi^t(Dmmi-i. d^/^ < i: 1 1 o o o Awri: -rs 
mi^mmiziiLm-t^m t. %\(op ^mm^mwm . ux^tt 5 1 

{'^it-Slitj^igX'fca, myUil. Stt®«^at>pMOg^I nGaN. Al 

Zt±lll(Dpmg<fci^¥3I«^li;'9t>^£t.^AmB^lt(DAl =lr^tpS^t: 

Mi^mzii^ fBi<Dpm^im^mmBm><z}Qi\^\iifL^\^^^mm!S^&^ 

Lfci mi(Dpm.mt^'^i$m^iiL(Dm',zit^xmihx^i^t&^i:^i- 
mxhhtz^. mi-mmm\zio\^x^^.m<D^^^j:i,(obfi^. -tti^hmi- 
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1 <7) p M^fki^i^i^^:® 2 8 OiEgll d B*f>/j; < t> 1 0 0 AJei± t -t-;5 r 
i-Cfoi?. i?*t<« l 2 OAJ^ii^^r <!:T-ife>3. L- < jl i 4 oA 

dB^JU 0 0 Aj;i3SVNi. ^^#^;i5ii^«T-t5lifR];dS|i6ti5fc*T'S? 
»)> 1 2 OA^^^_h-efc5<!:*^^^^C)>c^lS^£rS]±;i5■nrBgX*fe^). 15 0Al^i±-C 

l;«S(DP^^;!i^;'^±#{iffil;i5^e>n. 4 0 0 Ai '9:/^tV^i: L^l^ttm^ift^^ 
<^M:^i±^-^5g- ^MfSj{C$>5fc*. hm^<D±Mh LTfi. 4 0 0 AJ^T. 
^ft L<H2 0 0 A£iT^-r^ - t-C-fcS, 'tKl. ^ 1 « p S^^b»^^Ji 

0 8 AtC^-t J; 5 lift p ^&(»J(0|^^® 2 c {C^ LXI^ 1 O p 
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-/^>F^^ :y7'2 l^/T^-r't>(^T'fc5, 1114, 6 {iSttlOft^^FM;)^)!^ 

3t5rt-r5t(7)-efc9. 1114, 5fSMlh(^)^FiiOW3T'^'9. 06. 7 

{i2T'^f?, ii5{^7t;^f'< Kg^^*-f. 1114, 7, sitit:^^ h^m^^-r^m 
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6 15 
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fiGaN. (10 0 Mm) X^M^^tc'^. SSS^Srl^* Lt. 80 p. 
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(/^-y :7rli 0 2) ^im^m^^^(D±\z. taJt^ 10 5 o°Ctc LT. T 

MG ihv /^/\^ifv ^71.) . TMA (h y . rv^^r 

w^^fi. Al GaN<DnM^>^^i? Mi, G a N;?)^^)^^ S^it^^ 

Mrmizn. m:fjMm^i<it^ii^^^'xm^Ltcmm^G a N-e$?s 

M{--'-<5':7 7ji 1 0 2©A m^aJta7)\ 0<a<0. ST'fcai, ii^a^tt^r^ 
LT?^^U-C'bS<. y<yy7mi0 2^B^\^fzm. msS.^<yyT 

{c±iiLfcJijiicD I n^^t2'g.im^'^i^mmzi6\^xi^^B^^mfiii<Db 
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(nM='>:J'i5' hill 0 3) ^fr^bt^-fc^-^^y ^T-H 0 2 ±{CTMG. TM 

Lit A I osGa,,. ^^NX^^^nm=iy'^^ Ml 0 3 ^Sr 4 /i nKDj^-Cfig 

{^y y^V5±mi 0 A) TMG. TMl ( h y >f-/t/'1' :^^:^[? A) , 

TV*^T^fflV\ ?aS^8 0 OnZLLT I Ho. oe^ ^ o. 94N J; •? 5 ^5' T S/ 
^E5lt-.^ 1 0 4^0. 1 5 um(DmW-V0.M^^?>o ti:^. Z<D^y y^m±m 

(nSr^'^i/ Kll 0 5) m.St^l 0 5 0V\ZLX. 0iiSf;<f^irTMA, 

TMG&I>'T^'^-TS^fflV^, T^K-T'fT^A I „. osG a ^ ^gN J; t) 7ie;5 Al 
^2 sAol^/ffr-figg^*. ^^v^T. TMA^itfe, LTv'^:^;^/ 
:^^m^\ S i ^5 X 1 0'«/cm^ K-7'b/tGaNJ:>9?'^5BliS:2 5A(7) 
Bi^V^M^^^. ^LT. l<Difef^5r^tv^'H2 0 0lali^'3)§tTA®i:B® 
©Hii 1 M ni(^#l)^ (Ml&i^«lit) <t <9 'tCS n :>< Kl 1 0 6 

^^S$-fr5o T>K-^A 1 Ga NiOA 1 Jgaltbi tT(±, 0. 0 5 

(tiM3t;^7V 1 0 6) mz. m^(Dm&x\ wm^ :^i^TMG&xf ry^ 
(.^^m 1 0 7) tas^s 0 oricLT. m;p-f:^x<.icTMi (h y 

S i 5r5 X 1 O^Vcm^ K-T'tfel no. osGao. 9 5 N J; I9 ''j: 6 PtH 
1 (B) ^1 40 k(DmmX\ i/yy:ff^^±ib^ T>' K-r<7) I n 0. i G a 

9Nj;<9/.^5#^i (w) i2 5A<Dmmx\ z(DmmM cb) . #fi (w) 
(B),/ (w) / (B) / (w) (^mi^mt^o ^m~^±^<r>mmmt 

1 0 i^,mi?i^4 7 0 A<o^m*^^pmm (mqw) 
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( p mm'Fmji^i^m i o s -.^kdv Mnw^^i*:®) mm<DWiMx\ 

(i/^Doty^j'vJzc^/Wi/^-yH?^) Mg^l X 1 0 ^ Vcm^ K- 

^LfcAl 0. sGao, j; <? ^^jJ 5 pM^^^i^® 1 0 8 ^Sr 1 OOA«l?X'fie 

tr, S±^(^l$^e(cMg;jS5^l ox 1 Vcm^S* F-:/^^fci^S 
10 ipm±^-( KSl 0 9) ^1'. M^l 0 SOti'LT, WMtf:^iZTMG 

rc7?pS3fe;J/^ Kll 0 911. T'^K-T'.bLTfigft^-frSd^ pMliTPflii^ 
*Sl0 8, pS^^i/ 1 0 9^(Dp|g^l*^f5<DMg<Di£mi-=t "9. Mgil 
15 ;$;i)^^5x 1 O^Vcm^t^^'!) pM^^F-^c t.tz^(DMM^m\zMm^KMg 

(pS^7-;/ K^l 1 0) ^V^r. 1 0 5 O'C-eT^K-T'A 1 0. osGa 0. 
^,Nk'0^J:6Mi:2 5A<Dmf^X^M^^. WiV^XTMA^±^. Cp2Mg 

20 mm'oiK LxmMW- o . asu m(Dm^f-!^ x'oti^pm^yyvmi lo^^ 

:5$^5c p^^ 7 5' KKld^^^ < fc-;^2)^A 1 *^tf^»^ft:^*-t^^ 
25 ^ y -7 Kll 1 0 (1. A 1 ^:^timtm^mi^M. 0* L < {iA 1 xG a , _xN 

(o<x<i) ^^t^m^^mmti-6ztr-m-^L<. ^h'<cmtL<iiGa 
N A 1 G a N ^ ^mM Lt^m^'i'm'^ti-^o pMi^ 7 5/ KS 1 1 0 ^m^^ 
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{p^=i^^^^ vmi 1 1) ami-, 1 0 5 ot:-t?. pS^7->' 1 1 0(0 

ill 1 1^1 5 0A(Dmmx^^M^'^6o v^^y^^ 1 1 IfipMcO I n 
xAlvGa,_x_vN (0<X. 0 ^Y. X + Y^l) T'^fi^-t-a CI 1 7)5-e#. 
$f^L<ttMg'^ K-:/L7S:GaNi:-rix{i. pHtSl 2 0 tSrfci??^ LV^;^- 

^y^^ hSl 1 lfiS@^M-r5lT'*)5<DT% 1 
X 1 0^' / cm'^J<}i(D-^^\^)Tm&tt^^tt^m.-tL\\ 1 X 1 O^Vc 

fl^figLT. R I E {^]^^^^:^y^y^y^) -^m^s i C 1 Aii7^\Zi:y):^y 

g^stti^itSo ^<^=t 5 \zmtm^mw-^m<^yi-y':^^^\'\mmmt l 

XS i Ojd^SiiXfcS, 

ilfCiO. ^ imtf^ (ii:LX. Si Oj) J:'9J*£a^l<^i5^^01 6 1^0. 
5 n m<DJKJ?X'ffMLf-f^. m 1 (DiSSlii 1 6 1 (D±\Z-m-^(Dm^<D'^^ ^ ^fi^ 

RIE {.m:^'i^^:i-y^y=fy>f) ^S(iJ;«?. C¥ ^1S7.^n\\ ya-Y 

1, iyJ:u^p^i:'7>>' K^i 0 9. pM^:i^-(' KlI 1 0to-§|5^3i5/^yi/L 
X. pM3t;tf-l' Klil 0 9O)glJ?i5 0. 1 Mmir/iSif ^^X3is/^>i5^UX. 
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(iirLTZrOj) J; 19 ^i-S^ 2 ©iSSiiil 6 2 ^, l|l©^ilEl6iro± 

o 2 tJ^^©*^^s^5rM 2 (7>^siiii: Lxf^gfe tfc^. m 2 o^miEfeatmi-, 3 
oot:tA±, «P^L<i±4 0ot:w±. ^i(:!^^^flj<7>^?sjtOT (12 0 

0 °c) x'fi^ta-r 5 r i: J; 19 , ^2 <DmBfi^%i <Dimm<r>mfmPr ( 7 

;{f-r K/i 1 0 9 Wffi) 2 <D%mB: 1 6 2 ;5^?FM ^ 5 „ 

CO J: pi::. pM=i>'^^ Mi i 2(7:)±{^^(te3ixfc|| i (7?^^)^ i 6 id^. 
I^^^nfc^, 1 t-?K-r J: 9 1-; ^(7)^ffiLfcpM='>^i5' hSi 1 1<^M 
ICN iVAu J: 19/^^5 paiil 2 O^iMi-^o mLpm@l 2 Ofll OOym 

^-r^o m2cD{*:Sl^l 6 2ff^«, iiE(w^atJ^ttnS="y^^Ml 0 3 0 
MicHT i /A 1 j: <9 b^^T'l^W nMl 2 l^y^ b y-f 7°^ ^^tf 

•iJfefc, nl;1ife*M-r5fci^(i:i^7^:^^Lrgffi^ti7tiii-Cp, n^|gl>l^ 

mn,^^m^ie> A^wt\itc'^.^, nm^i±{cNi-Ti-Au (ioooa 

-1 OOOA-8 00 OA) i^^fi^Y^^^L (^<y h) H^l 2 2, 1 2 3^ 
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\t^£:^[^X\ mt<^^^i^<DMm (GaNc^M®. (1 1- 0 0) tit') X'y<-Vt 
6 5 0 nmXh^. 

wi^T^^t-c. nbfitzmm^^m^mtLxi>$:<. m^^mi$L(r>^x 
mLx:^y'^ymmi:m^mtLxhM. -if^^^y^i^mm. » 

^m±\^mim:WL\-^xh%.\\ ^<^b#, mmh\.x\-i. si02. Ti02. 

ZrOgs ZnO, AI2O3. MgO. /"Ky -< ^ F>e)/^5«^<7)^>^^< <i: tj-S 

^m<:n\A%mm:t v.xh^^^^xh%^\ \.xm^-^^^\^\t. 

N) ^>^:^B^^T'i£{JatfcM®. A® ( (10 10} ) -C'#PLT, ^u/T'^rll 
Mj-*3V^TttV>i[2. 8kA/cm2. 5.~ 3 0 mW(7)Hl;/3(cioV^T^^i 
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X 1 o' Vcm^ K-7°tfcI no, osGa„ jsNJiOJi^l^OT <B) $r 1 4 0 
A<D)gilT\ v/7>:^^SrJi:J6. K-r© I ^ G a , ^ N J; i? 
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48 
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izit^X^ Hiif5*^<0|^^lltcj:<?#<(^)Mg;jS K-^^nfet^i'SS, 

tFI±^ ^Jfe^lltCJt-^-C. <f=]±U 5 0°C. 3 0mW(D^#T' 

iii^^li$*fc<i;r5^ 1 000-2 0 00l^rBl<^fi#if&(DU-if»^^;j5#e)ix 

|5l«i3, ^SS^l L l'i5{t5#Fl(Dlg)l^. 6 0, 8 0. QOAili^ 

(Dmrnyi^ma-r^ r t i 5Stti^*(^^j¥(^iiBD{c i 5 v f , 1 1 v msm 

m^muMtM'i^^^^ti'hi^oxh^a tfz. vf. L#v^#m?>it('ov^-cit 

Kit. ^^M(Dmm<^mtK\x ^fnit'x^<i^^^. v f. t 
$t"9, LD(DmmMmK^i'xmxf£m'F^^(DWAti,ztX'mbti:\>\ z^tz 

CDl^i^^S OA^iiti-St. ffl;^8 0mWT'C7>^g7>s^Hg-Cfc'9, lOOmW 
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(Dpmmm^mi^M ipmmf-mihtiM) a^mnxh^itib. m^mwa^^:^ 

rMomm^. 2 2. 5 A. 4 5 A, 9 0 A. isoAtrnt^"^. sot, 3 
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sAtmit^"^. so'c. 3 0mW(D^ii^xmm^m^'tf:im(Dm^m^^mi 

tSoT. mmmtLx. {}^ti< th4oAu±t-t^:itx\ «i^(dsm¥ 
0. 1 -t-r^ffiii. fsj^fcuTv— f^^^#5o n^fi^i^—^m^ix 

y :-®(^A 1 T-i&^g^HitA^^O. 0 5 T' 3 OmWT=\ K. 

IGaNt^jyttSAm^alt'SrO. ISir-T^-i:, ro^i^ 7 ^/ K^<DA 1 (D^p 
i^iirBitTl^i^ 0 . 7 8 "3 . A 1 O Wj^fatt*^ 0.05 r-fc^^-^fCit-^T. 
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libAKD^i^m^itn. 0. OSJ^T. iftt<JiO. 0 2 5^t<{tO. 0 

10 mmmm 

1 iClfcV^T. pS^^-m*61 10 8 $r|5^^t^iVNT% 1 0 7 (D_h 

immmi 2] 
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fcl^S^OS' i K-^a^. 1X10", 1X10". 1X10 'Vc m'irM 
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^t^. I^«0?^-C\ T^K-:^GaNj;«5?fc^B2<^^fl:W#^^1^4 0 
ABfeS$-fr. ^}1M$:8 OO'Ct'LT, TMG. TMI, T>^-Tlf^V\ 
T^^K-ri no, laGa 0. g 7N ct •? KD^^b^^^^f^l^ 2 0 Aj£fi$ 

(^lip-C^SlllCl Ol-foHM^*. ft^icGaNi:i9;^i5IK2<^^fb%¥^WS 
^40 Aj5fe:I $ -frTffM $ n ^ i 19 ^jr 5 n 2 #11^1 3 - 

0 6 ^ 6 4 0 A<7>^I¥T^!e:R$-a:5c 
(®t4®3 0 7) 

O'CtlLT, TMG. TMK T^'^ ^T^fflV^T^- K-^ I n „. 3G a 7N 
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s B 2 /^-pm/nmM B 3 /^'pm/mmm b 4 /^^m/wmm b 5 
B 6 /Prrm/mmm b ? (Dmxnmm^ i m. ^ e 

VJm LT. i^lill* 1 9 3 0 A<D#Sl:i^#F^iicfc D /.i 3 0 7 5rJ5gft 
^•fr-So r<7)B?F, ISIMBI. B2}l<t. S i ^1 X 1 Vcm^ K-ytT, 
^iptOl^iilBi (i = 3, 4, • • 7) (irvK-yx-ffM-fSo 
(pS#l)^i?7 5/Kl3 0 8) 

^t-. ig.^ 1 0 5 Orr-TMG. TMA. Ty^=T. CpjMg 

^fflV\ Mg^l X 1 O^Vcm^ K-^UybpM 
Alo. aGa o. '5''=C'5^3<^^{t:tl¥^fl!:lSr4 0A<^MTfi£fi$^J:. 
JiiV^T?M^8 0 0*C(rLT. TMG. TM K TV'^^T. Cp^Mg^fflV^ 
Mg^l X 1 O^VcmS K-'T'LfcI no ojGao. 97N J: /^5^4<D^^k 

WiiM+l^4 0g{bW^i*:l<7)liT^3-iw5®-fo^l L. ft^il||3<D 

^«^^f^llr4 0 A(D^If -Cfifeft 5 pS^ 
7 5' 3 0 8 ^ 3 6 5 Ao|^)?T?fife:l 
(p^Ga N = i^^:J' M3 1 0) 

?i^V^T 1 0 5 CCT*. TMG, T^'-t-T. Cp2Mg^l:ffiV\ MgSrlx 
1 O^Vcm^ K-7°L/cp^Ga Nif? ^t^S p r^' 3 1 0 ^ 7 0 0 

A<^iK;?TfiKg$-fr^o 
SJtJ;^«l-Tm> agr^^r^tTTff. ^e.{rg^#B^ifv -^^^yN^si^^^l&rt 

3 1 o<D^m\z.mm(OBV^(D-ry>^i^tjf^mL^ r I E 

^) ^STpM3>i5'i!' Mfflji-b^i^j'^^i^SrtTVX |ll9A:at)^9B(i^Fi-ct 

ft±mfc5pM=>i?^ M3 1 0(7?{5{r^S{r|^J?2 0 0 
A(ON i Au^-^tfSjfet40pl;1i.3 lit, ^<DpmWl 1<^±}'^>7^W' 

^-^'ffio A u i ig e p ^< ?/ KS^lr 0.5// mcDiigi^-ef^^-r^o 5/ 
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Iim^^i.ftf-tt^l-'^^ §±$I5(^ltllJiB7lC 

1 1 4 ^::^ov^-c. ^>m^(o±x<Dnmms ^wmt i^ry ¥---fX'^n 

b KM 16] 

^ mm 5 0 1) Hiffe^ 1 {Cffl V >fc 1 0 1 P^c^^lg 5 0 1 

M5 3 1<!:GaNj5^Pp)^C5^2<7)l5 3 2 Sr^ZJr^ti^n 3l^o^^1-^o 

^mi±. X/ (4n) (at, xii^iDi^:^, r^\tm\<oimm 

5r?ilfci-)!^)f-C|9;it, ^^-Cf±n = 2 (a l N) , 2. 5 (G a N) T\ 

^mi<7)»5ooA. ii2<7>Si^4GoA(Z)WT«-r?)„ ^<m. mm 

25 ^^^fls:Og:it)iili> ^Is 2C0l=|r, I n,A 1 yGa ,_,_,N (O^x^l. 

Ogygl. x + y = l) T-^^ixS^ffcl^^^i^trfflV^S- ^{b*^ 
¥^^C73Slt(^«^ 1 . 2©!^, Al,Gai..N (Ogxgl) Tg^tL^i^fl 
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^l<^l/^2«D^tA 1 GaN/A 1 GaN, GaN/AlGaN, AlGa 
N/AIN. Ga N/A 1 N/i<!:'T'?^B£-et5„ A 1 ,G a ,..N/A 1 ^ G a ^.^ 
N (0<Xs x<y<l) -Ch^tAlGz^^B^Vh^tzlf^mm^m^^i: 
/h$<-C^ifeBm&<?f^^-e#> GaN/A 1 ,Ga,.,N (0<y<l) T'feS 

5 tGaNKii'^iiiSHm/S^efcg^^nrc^ii^iT-t^o Aim^tt(om 

(y-x) ^:k#<-r'5i:. ^ 1(^1 i:^2(D@i:co®^'^||*^:>c# < "J^M 
^75SJIS<^£0. y-x^O. 3 i: if t L.< {±y - x S 0 . 5 

^mmmtLX. Al,Ga,.,N (0<ySl) ^m^ir^^tliZi:^, 

Q. 15 5 3 7 ^ff^fig-fSo r<D^. p^^^^^J' 3 5. B20pM='>'^i? 

O 5 3 7ft. V^-f^/5^-:^fc^tS:f^^tfct^7)Tt>^V\ ^(7)|g2(7?pS3>'^^ 

,J >®5 3 7(7)±{^, S i O^/T i O^t^h^jibmrn^^MB^M^l^SMJI^S 

20 M5 3 SOit^y^'^^^Cnm^S 2 1. ^2 <DpM=>>^ ^ M 5 3 7 <D± 

fl> 3 8 <Dj^ !9 ^PtP p 5 2 0 ^^fl^fm^-t^. r O i 9 L 

T. #fe>^^®IIMt^)L'— tJ'^^tt, IIJIM2 il^^(c, ii; 

(^■14^1 0 7) S i 5:5 X 1 O^Vcm^ F-TT'Ufcl rio. osC^ao. ssN 
(B) ^70k(DmWX^ TyY-Zf(Dln 
0. isGa,,. sNJ;t9/^5#Fjg (W) ^1 Qk(Dmm-X\ Z^ommM (B) . 
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^Fig (W) (B) / (W) / (B) / (W) <7)|ifit^l-t5e 

iSs534 3 0AcQ^m^^#P^ii (MQW) 
(p^^^,;, K® 1 1 0) i^l^^T, 7^K-7"A 1 0. loGao. ssNi'P^j:^ 
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It * CD ^ II 

1 . In t:^t^mm^mi^t^b-^i^^nmtmtm¥^i^*'bttmmM^ 

$ fitzm 1 omm^ t.^fBi (omm^ t ii^^^ 2 ommM t. ^^^^t 
msM> 1 (omm.mi>\ %^m^nm7^mm^:t%'f. mum 2 mm.mi)-nmpf 

3. m^sB^i.m-h^'Lm (L^2) m\^nmm^^L. 

MSB l*v^MlBpSm{bife^«fi^®(^l^*^c.T^;tX i§g (i = l, 2. 
3, • • - L) Olt^l^^^lBi. ttmtw, 

i = l;6vbi=n (l<n<L) -tX'OWm.M^ it^nm^W^^'^L'^Lt^i^ 

mt^^ mum 1 isf6<D^{i:ti4^sitf^«^o 
m^m 1 mmomm^^^mm'f-. 

7 . wmm 1 (rymmm (rymwt'^mtm 2 <r)nmm<Dmw t mm c-cfe 5 r <b 
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11. msMi(Dmmmi\ p^^i^^t^^sxio'^cm-^^^^ixio'' 
^^1 2Ba«(o^{t!^i|^w?^^o 

15. BUfSpM^{b!^Hf^(!t:l;4\ WjgH^Bttx;i50<x^0. 0 5OAl^ 

Wi^^M>itxi>^o<x^o. 0 5 (DA] ^^t^mt^^mi$^t^hf^?)r^^yy 

16. m^vM^im^mm^pK^ mmi^mvx^KDpmmim^m 

17. HtfiE^ 1 (Dpmmtm^mm-AK mmpmmm^mm\^mhm^ 

1 9 . 2 ©i^gi2)5#F® [zit^^tiTEg^tt. Huga#Fi tm2(Dm 
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20. HtlE^Fl<^l^)¥dw;6\ 4 OAgd 1 0 0A(D®fflT'fc<9. flE 

22. B«IS±lfPi5'7>y KlWAl w5pl!|j}lHliitx^\ 0<xgO. 1 ©fefflT- 
fc ^ ^ i i: "t ^ tt*^ 2 1 12«<^^IL W#ft^^^c 
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